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● Krzysztof Kozlowski
● I work for Linaro in Qualcomm Landing Team
● I am the co-maintainer (with Rob and Conor) of Devicetree bindings in the Linux 

kernel
○ I also maintain other Linux kernel pieces

■ Memory controller drivers, NFC, 1-Wire subsystem
■ Samsung Exynos SoC ARM/ARM64 architecture

● Do you know it covers also Google Tensor SoC in Google Pixel 6 phone?
○ I am also one of most active contributors to the Linux kernel

● What this talk is going to be about?
○ Short introduction about DTS and Devicetree schema
○ Why am I working on this?
○ Quick look on the progress (aka “Why Whac-A-Mole”)

■ How did the warning fixing go?
○ Was the effort worthwhile? What are the benefits of doing these things right?
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● Devicetree and its bindings are not necessarily tied to specific system, however the 

talk focuses on Linux kernel Devicetree bindings and its DT schema format
● Devicetree (DT) provides a way to describe non-discoverable hardware for the 

firmware or OS (Linux)
● Devicetree sources (DTS) is a textual representation of Devicetree, to be consumed 

by the Devicetree compiler (DTC)
● Devicetree blob (DTB) is a compact binary representation of the DTS
● Devicetree bindings describe the rules how DTS should be constructed

○ Not describing Linux drivers
○ Documenting the interface for different implementations

● Devicetree schema (DT schema) is the new bindings format which allows:
○ Validation of the bindings itself against meta-schema
○ Validation of the DTS against bindings <- that’s what this talk is about
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Devicetree Sources in Linux kernel
● Devicetree Sources (DTS) and bindings are part of the Linux kernel git repository
● DTS is used by ARM, ARM64, MIPS, PowerPC, RISC-V and few others
● In Linux kernel v6.8:

○ ~2900 DTS files (each usually represents a board)
○ ~2200 DTSI files, which are included by DTS and represent SoC, SoM or some shared 

parts
○ ~64 DTSO files, which are the overlays
○ ~3900 DT bindings files in DT schema format (YAML)

■ This does not map 1-to-1 to supported hardware, because usually one binding describes 
multiple devices

○ Still ~1500 DT bindings in TXT
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● Upstreaming new SoC requires writing a lot of DTS, not only drivers

○ For a mature platform with great upstream support, this means a lot of a new SoC 
bringup is DTS

○ For example bringup of Qualcomm Snapdragon 8 Gen 3 (SM8650) by Neil Armstrong 
from Linaro was:
■ ~13500 line changes in drivers and bindings
■ ~8250 line changes in DTS, so around 38% of total code

● Not including PMICs DTS (there are 7 of them, all re-used from 8 Gen 2)!
● Incorrect DTS means bugs, sometimes easy to spot, sometimes difficult
● DT schema is able to find issues in your DTS

○ Up to some level, more on that later
● As spare-time-maintainer of Samsung Exynos SoC (beside entirely different full 

time job), I wanted to reduce my reviewing effort and possible regressions
● Later I joined Linaro and joined effort to improve the Qualcomm SoC DTS
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What Was I Working on?
● I started working on converting old bindings to DT schema and on fixing issues 

reported by DT schema around 2019
○ That is v5.3 Linux kernel

● I worked primarily on Samsung Exynos platform to make my maintainer life easier
● In 2022 I joined Linaro and started doing the same on Qualcomm platform

○ My work starts with v5.18 Linux kernel
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● Comparison between validation warnings seen on DTS from v5.3, v5.10, v5.18, 

v6.2, v6.5 and v6.8 Linux kernels
○ I collected much more data, but that would be difficult and boring to present

● Warnings come from:
○ DTC, when W=1 used
○ DT schema (`make dtbs_check`)

● DT bindings and schema change with kernels
○ TXT converted to DT schema
○ Bindings grow, get improved or deprecated
○ dtschema package (one behind doing DT schema) changes

■ When I finished fixing some warnings, Rob Herring decided to enable more
● And then after v6.8 even more…

○ DT bindings and DTS are supposed to be stable over time
■ New kernel working with old DTS

● All tests were done on v6.8 kernel with checking out given DTS (v5.3, v5.10, etc)
○ Short: Used new tools on old DTS
○ With dtschema v2024.2
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Tested Platforms
● Due to my particular interests, I did not validate all possible architectures

○ ARC, MIPS, PowerPC: not much work is happening towards fixing any warnings
○ RISC-V: mostly warnings-free since early days

■ Boring… :) but also good job folks!
○ Other ARM and ARM64: a lot of work is happening, but my time is limited

■ Also because of difficulties in evaluating practical impact, more on that later
● Tested platforms

○ ARM, configs:
■ multi_v7: almost all ARMv7 targets
■ exynos: Samsung Exynos SoC
■ qcom: Qualcomm ARMv7 SoCs

○ ARM64, configs:
■ defconfig: almost all ARMv8/v9 targets
■ exynos: Samsung Exynos SoC + Tesla FSD SoC + Google Tensor SoC

● Even though it is called “Exynos”
■ qcom: Qualcomm ARMv8/v9 SoCs
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Number of DTS Targets
● I mentioned before v6.8 kernel has ~2900 DTS files
● Makefile DTB targets:

○ ARM multi_v7_defconfig: 1285
○ ARM64 defconfig: 977
○ In total 2262, so this covers majority of in-kernel DTS

● Why Makefile DTB? Because that’s what DTC (compiler) and DT schema evaluate
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DTC Warnings
● Devicetree compiler (DTC) also produces some warnings for DTS
● However DTC was there since ages, so I am pretty sure we fixed all its warnings 

already, right?
● Wrong!

○ We still have some
● But if no one cared to fix them so far, I also care less… and it is boring
● Therefore I will cover it just briefly and instead the talk focuses on warnings 

produced by validation of DTS against DT schema







ARM and ARM64 Exynos 
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● What the total number of warnings tell us?
○ Not much…
○ Different platforms have different number of Makefile targets
○ If warnings comes from included DTS, DTC will report it multiple times

■ Per each Makefile target (DTB)
○ The biggest platforms might have many warnings just because if their size

● Let’s don’t punish active subsystems with many boards
● More interesting metric:

○ (Number of warnings) / (Number of targets)

DTC W=1 Warnings: Total / Targets
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DT Schema Validation Warnings
● Validation run against v6.8 bindings and recent (2024.2) dtschema
● Some bindings are still not converted from TXT to DT schema

○ Each time, such compatible counts as a warning
● Let’s look how many warnings we had and what is left









Yay!
Remaining: one 
compatible in TXT binding













Not yet “Yay!”, but also 
not bad
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Sarah Stierch (CC BY 4.0), original: https://commons.wikimedia.org/wiki/File:Circus_Circus_Reno_-_2021-11-14_-_Sarah_Stierch_05.jpg

Moles are amazing 
creatures. No moles were 
hurt during DTS validation.

http://creativecommons.org/licenses/by/4.0/
https://commons.wikimedia.org/wiki/File:Circus_Circus_Reno_-_2021-11-14_-_Sarah_Stierch_05.jpg
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● Significant effort reduced the total warnings from DT schema validation to much 
smaller number
○ Some platforms are warnings-free: success!

● But some platforms we cannot get to warnings-free state
○ Newer SoCs within these platforms are usually able to reach warnings-free state:

■ Qualcomm Snapdragon 8 Gen 1 (SM8450), Gen 2 (SM8550) and Gen 3 (SM8650) have just few 
USB warnings

■ Qualcomm  Snapdragon X Elite, once fully merged (around v6.9-rc1), has just few warnings

Why Whac-A-Mole?
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Was the Effort Worthwhile?
● Why are we fixing warnings?

○ Simple answer: because some tool prints warnings, thus we fix them
○ Complicated answer: well, that’s complicated, but I can try to evaluate and measure it

● It is difficult to judge whether warning itself is important
exynos3250-rinato.dtb: fimd@11c00000: i80-if-timings: 'wr-act' does not match any of the 
regexes: 'pinctrl-[0-9]+'

exynos4412-p4note-n8010.dtb: battery-cell: 'power-supplies' does not match any of the regexes: 
'^ocv-capacity-table-[0-9]+$', 'pinctrl-[0-9]+'

● These are two similar warnings telling that bindings do not allow given property 
(wr-act and power-supplies)
○ Such properties should not be there
○ Both warnings could be harmless: redundant property
○ Or maybe there is a mistake in the name and a different needed property is missing?
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someone who already did it?
○ In the commit msg!
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● One single advice when writing commits:
Please explain why you are doing it, because “what” you are doing we can usually 
easily see

● We do not see the “why”
○ Fix bug of missing foo bar, which causes system to draw donkeys
○ Add baz to fully support drawing donkeys on ACME device
○ Correct addresses of donkey-drawer, to match datasheet
○ Fix warning: “here goes the warning message”

● Explaining “what” is sometimes also beneficial, especially when it is not obvious

Digression
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● Looked through all commits on DTS for Samsung Exynos SoC and Qualcomm 
SoCs for the times I and others were working on DT schema warnings

● Samsung Exynos SoC:
○ v5.3 .. v6.8 kernels:

■ arch/arm/boot/dts/samsung: 370 commits
● Previously: arch/arm/boot/dts/exynos*

■ arch/arm64/boot/dts/exynos: 139 commits
■ 509 commits in total to analyze

● Qualcomm SoC:
○ v5.18 .. v6.8 kernels:

■ arch/arm/boot/dts/qcom: 476 commits
■ arch/arm64/boot/dts/qcom: 2512 commits

● Holy cow!
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● Looked through all commits on DTS for Samsung Exynos SoC and Qualcomm 
SoCs for the times I and others were working on DT schema warnings

● Samsung Exynos SoC:
○ v5.3 .. v6.8 kernels:

■ arch/arm/boot/dts/samsung: 370 commits
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● Looked through all commits on DTS for Samsung Exynos SoC and Qualcomm 
SoCs for the times I and others were working on DT schema warnings

● Samsung Exynos SoC:
○ v5.3 .. v6.8 kernels:

■ arch/arm/boot/dts/samsung: 370 commits
● Previously: arch/arm/boot/dts/exynos*

■ arch/arm64/boot/dts/exynos: 139 commits
■ 509 commits in total to analyze

● Qualcomm SoC:
○ v5.18 .. v6.8 kernels:

■ arch/arm/boot/dts/qcom: 476 commits
■ arch/arm64/boot/dts/qcom: 2512 commits

● Holy cow!
■ 2988 commits in total to analyze

● Dang rabbit!
● Exynos+Qualcomm = ~3500 commits to analyze
● I am not going to look at other SoCs, sorry folks!

Was the Effort Worthwhile?
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● Why looking only at commits changing DTS?
● Because DT schema analyzes DTS, thus most of the issues found by DT schema 

are in DTS
● DT schema could point issue in DTS, which in fact is incorrect DT binding and 

incorrect Linux driver
○ Need to fix Linux driver
○ Real cases there, but out of scope, -ENOTIME

● Because… -ENOTIME

Analyzing Commits: Why DTS?



Analyzing Commits: How
● If anyone has an idea to give these 3.5k commits to ChatGPT to analyze…



Analyzing Commits: How
● If anyone has an idea to give these 3.5k commits to ChatGPT to analyze…

○ … just go and buy Nvidia stock



Analyzing Commits: How
● If anyone has an idea to give these 3.5k commits to ChatGPT to analyze…

○ … just go and buy Nvidia stock
● Instead I used advanced technique to classify the commits called “grep” to look for 
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Analyzing Commits: How
● If anyone has an idea to give these 3.5k commits to ChatGPT to analyze…

○ … just go and buy Nvidia stock
● Instead I used advanced technique to classify the commits called “grep” to look for 

specific words
○ dtbs_check, bindings, dtschema…
○ Some parts of warnings…
○ align, nodename…
○ Fixes, CC: stable
○ … and some more

● … and then looked at each commit
○ Thank to all Linux kernel contributors who put some sort of valuable information into 

commit messages:
■ Why did you do it
■ If fixed warning: wrote that you fixed warning
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Classification
● I identified (or tried to identify) all commits which were direct result of warnings 

generated by DT schema
● This usually means: commits which fix warnings generated by DT schema

○ Mostly the committer knew that patch fixes warnings
○ But not always

■ Sometimes committer just said what the patch does
● Gosh darn it!

■ Sometimes committer explained the bigger picture, but not saying issue was found 
by DT schema

● In other words: I tried to find and then classify all commits which were or could be 
a result of DT schema warnings
○ Why?

■ Because if commits fix real things, DT schema is good
■ Because if commits fix code style, DT schema is meh
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Classification: Groups
● Just to make DT schema happy

○ STYLE
● Better hardware representation in DTS

○ IMPROVEMENT
● Everything should work on Linux, but other DTS user (like U-Boot) could be 

affected
○ POSSIBLE FIX

● Something does not work
○ REAL FIX

● Something does not work, but DT schema did not detect it yet
○ FUTURE FIX
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○ Commit messages helped me a lot
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Classification: Subjective
● This is all subjective classification

○ Commit messages helped me a lot
○ But still some things could be a style, some an improvement
○ Some “possible fixes” could be improvements
○ Some “possible fixes” could be real issues for other users (U-Boot, out of tree kernels)
○ One commit often fixes multiple issues or warnings

■ True especially for trivial style fixes
● Going through Samsung Exynos was a bit easier, because I mentioned warnings 

in the my commit messages
○ And there was not much other work in the subsystem happening

● Many Qualcomm commits said nothing about warning, nothing about DT schema, 
but just word “bindings”
○ If only people could answer “why” they are doing what they are doing…



● Coding style, something which is easier to read
● Just to make DT schema happy

Style

qcom,board-id = <8 0>;
clocks {

- compatible = "simple-bus";
-

div1_mclk: divclk1 {
compatible = "gpio-gate-clock";
pinctrl-0 = <&audio_mclk_pin>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=016928c052a7


● Coding style, something which is easier to read
● Just to make DT schema happy
● Conforming to Devicetree specification requirements about node names

○ Node names should be generic, e.g. flash, not m25p80

Style

cs-select = <0>;
status = "okay";

- m25p80@0 {
+ flash@0 {

#address-cells = <1>;
#size-cells = <1>;
reg = <0>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=016928c052a7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=2b6d37f6b7fe


● Coding style, something which is easier to read
● Just to make DT schema happy
● Conforming to Devicetree specification requirements about node names

○ Node names should be generic, e.g. i2c, not pca9541
● Redundant properties, except cases when they could affect drivers

Style

broken-cd;
non-removable;
cap-mmc-highspeed;

- desc-num = <4>;
mmc-hs200-1_8v;
card-detect-delay = <200>;
vmmc-supply = <&vemmc_reg>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=016928c052a7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=2b6d37f6b7fe
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=49434cd203ed


● Coding style, something which is easier to read
● Just to make DT schema happy
● Conforming to Devicetree specification requirements about node names

○ Node names should be generic, e.g. i2c, not pca9541
● Redundant properties, except cases when they could affect drivers
● Code was working correct, always

Style

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=016928c052a7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=2b6d37f6b7fe
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=49434cd203ed


Improvement
● Code quality improvement, beyond pure style

};

&mct {
- compatible = "none";
+ status = "disabled";
};

&mdma1 {

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37


Improvement
● Code quality improvement, beyond pure style
● Includes switching away from deprecated properties, like gpio->gpios

CPVDD-supply = <&vbatt_reg>;
SPKVDD1-supply = <&vbatt_reg>;
SPKVDD2-supply = <&vbatt_reg>;

- wlf,ldo1ena = <&gpj0 4 GPIO_ACTIVE_HIGH>;
- wlf,ldo2ena = <&gpj0 4 GPIO_ACTIVE_HIGH>;
+ wlf,ldo1ena-gpios = <&gpj0 4 GPIO_ACTIVE_HIGH>;
+ wlf,ldo2ena-gpios = <&gpj0 4 GPIO_ACTIVE_HIGH>;

};
};

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e06b987d1b7


Improvement
● Code quality improvement, beyond pure style
● Includes switching away from deprecated properties, like gpio->gpios
● Proper hardware description in DTS, without impact on Linux, but making it correct

@@ -3418,12 +3418,12 @@ timer@17800000 {
reg = <0 0x17800000 0 0x1000>;
#address-cells = <2>;

- #size-cells = <2>;
- ranges;
+ #size-cells = <1>;
+ ranges = <0 0 0 0 0x20000000>;

frame@17801000 {
- reg = <0 0x17801000 0 0x1000>,
-       <0 0x17802000 0 0x1000>;
+ reg = <0 0x17801000 0x1000>,
+       <0 0x17802000 0x1000>;

interrupts = <GIC_SPI 8 IRQ_TYPE_LEVEL_HIGH>,
     <GIC_SPI 6 IRQ_TYPE_LEVEL_HIGH>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e06b987d1b7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=d336355492e4


Improvement
● Code quality improvement, beyond pure style
● Includes switching away from deprecated properties, like gpio->gpios
● Proper hardware description in DTS, without impact on Linux, but making it correct
● Missing compatibles, e.g. for syscon or for cases where bindings ask for 

compatibles

};

gpi_dma2: dma-controller@800000 {
- compatible = "qcom,sm8450-gpi-dma";
+ compatible = "qcom,sm8450-gpi-dma", "qcom,sm6350-gpi-dma";

#dma-cells = <3>;
reg = <0 0x800000 0 0x60000>;
interrupts = <GIC_SPI 588 IRQ_TYPE_LEVEL_HIGH>,

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e06b987d1b7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=d336355492e4
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a


Improvement
● Code quality improvement, beyond pure style
● Includes switching away from deprecated properties, like gpio->gpios
● Proper hardware description in DTS, without impact on Linux, but making it correct
● Missing compatibles, e.g. for syscon or for cases where bindings ask for 

compatibles
● Redundant properties, if they could affect drivers

qcom,ports-word-length =/bits/ 8 <0xFF 0xFF 0xFF 0xFF 0xFF>;
qcom,ports-block-group-count =/bits/ 8 <0xFF 0xFF 0xFF 0xFF 0xFF>;
qcom,ports-lane-control = /bits/ 8 <0xFF 0x00 0x01 0x00 0x01>;

- qcom,port-offset = <1>;
#sound-dai-cells = <1>;
#address-cells = <2>;
#size-cells = <0>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e06b987d1b7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=d336355492e4
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=837f597ebc52


Improvement
● Code quality improvement, beyond pure style
● Includes switching away from deprecated properties, like gpio->gpios
● Proper hardware description in DTS, without impact on Linux, but making it correct
● Missing compatibles, e.g. for syscon or for cases where bindings ask for 

compatibles
● Redundant properties, if they could affect drivers
● Original code was working correct, at least on Linux side

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e84f3493a37
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0e06b987d1b7
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=d336355492e4
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=19e67894500a
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=837f597ebc52


Possible Fix
● DTS is not correct or complete, but no impact was observed or at least reported



Possible Fix
● DTS is not correct or complete, but no impact was observed or at least reported
● Missing properties which can affect some drivers

○ Missing regulator supplies, because future kernel can turn them off without if there is no 
consumer

status = "okay";
};
+&usbdrd {
+ vdd10-supply = <&ldo4_reg>;
+ vdd33-supply = <&ldo6_reg>;
+};
+
&usbdrd_phy {

vbus-supply = <&usb30_vbus_reg>;
vbus-boost-supply = <&usb3drd_boost_5v>;

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3


Possible Fix
● DTS is not correct or complete, but no impact was observed or at least reported
● Missing properties which can affect some drivers

○ Missing regulator supplies, because future kernel can turn them off without if there is no 
consumer

● Incorrect properties, which seems without impact
max98504: amplifier@31 {

compatible = "maxim,max98504";
reg = <0x31>;

- maxim,rx-path = <1>;
- maxim,tx-path = <1>;
- maxim,tx-channel-mask = <3>;
- maxim,tx-channel-source = <2>;
+
+ DIOVDD-supply = <&ldo3_reg>;
+ DVDD-supply = <&ldo3_reg>;
+ /* PVDD-supply to VPH_PWR */

};
};

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0d6460bc6f4c


Possible Fix
● DTS is not correct or complete, but no impact was observed or at least reported
● Missing properties which can affect some drivers

○ Missing regulator supplies, because future kernel can turn them off without if there is no 
consumer

● Incorrect properties, which seems without impact
● Different entries in xxx-names (e.g. clock-names), which might not affect Linux but 

other users
○ Includes different order of such entries, because we expect entries to be almost always 

strictly ordered
clocks = <&gcc GCC_CFG_NOC_USB3_PRIM_AXI_CLK>,

   <&gcc GCC_USB30_PRIM_MASTER_CLK>,
   <&gcc GCC_AGGRE_USB3_PRIM_AXI_CLK>,

-    <&gcc GCC_USB30_PRIM_MOCK_UTMI_CLK>,
   <&gcc GCC_USB30_PRIM_SLEEP_CLK>,

+    <&gcc GCC_USB30_PRIM_MOCK_UTMI_CLK>,

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0d6460bc6f4c
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=1e5fd509fef1
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=1e5fd509fef1


Possible Fix
● DTS is not correct or complete, but no impact was observed or at least reported
● Missing properties which can affect some drivers

○ Missing regulator supplies, because future kernel can turn them off without if there is no 
consumer

● Incorrect properties, which seems without impact
● Different entries in xxx-names (e.g. clock-names), which might not affect Linux but 

other users
○ Includes different order of such entries, because we expect entries to be almost always 

strictly ordered
● Even if original code was working correct, other projects like U-Boot could be 

affected

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31c33503fdb3
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=0d6460bc6f4c
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=1e5fd509fef1
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=1e5fd509fef1
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Real Fix
● Real or known impact on users
● Sometimes impact not tested, but to all means should be

function = LED_FUNCTION_INDICATOR;
color = <LED_COLOR_ID_GREEN>;
gpios = <&pm8150_gpios 10 GPIO_ACTIVE_HIGH>;

- linux,default-trigger = "panic-indicator";
default-state = "off";

+ panic-indicator;
};
led-wlan {

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=dc6b5562acba


Real Fix
● Real or known impact on users
● Sometimes impact not tested, but to all means should be
● Incorrect properties with impact

pm2250_s3: s3 {
/* 0.4V-1.6625V -> 1.3V (Power tree requirements) */

- regulator-min-microvolts = <1350000>;
- regulator-max-microvolts = <1350000>;
+ regulator-min-microvolt = <1352000>;
+ regulator-max-microvolt = <1352000>;

regulator-boot-on;
};

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=dc6b5562acba
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31bee70793b6


Real Fix
● Real or known impact on users
● Sometimes impact not tested, but to all means should be
● Incorrect properties with impact
● Linux driver still might work, but only in certain conditions (e.g. clk_ignore_unused) 

or on specific Linux version

pinctrl-0 = <&ufs_rst_n &ufs_refclk_out>;
phys = <&ufs_0_phy>;
phy-names = "ufs-phy";

- samsung,sysreg = <&syscon_fsys2>;
- samsung,ufs-shareability-reg-offset = <0x710>;
+ samsung,sysreg = <&syscon_fsys2 0x710>;

status = "disabled";
};

};

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=dc6b5562acba
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31bee70793b6
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=5fe762515bc9
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=5fe762515bc9


Real Fix
● Real or known impact on users
● Sometimes impact not tested, but to all means should be
● Incorrect properties with impact
● Linux driver still might work, but only in certain conditions (e.g. clk_ignore_unused) 

or on specific Linux version
● Incorrect name for supplies, considered usually a real fix, because if someone 

bothered to add supply, means this is real supply on schematics
hpd-gpios = <&gpx3 7 GPIO_ACTIVE_HIGH>;
pinctrl-names = "default";
pinctrl-0 = <&hdmi_hpd_irq>;

+ vdd-supply = <&ldo6_reg>;
+ vdd_osc-supply = <&ldo7_reg>;
+ vdd_pll-supply = <&ldo6_reg>;
};

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=dc6b5562acba
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=31bee70793b6
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=5fe762515bc9
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=5fe762515bc9
https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=453a24ded415


Future Fix
● I found also one case which was a real issue, so something did not work and users 

were affected, however DT schema did not report it as DTS warning
● But future DT schema could report it (wait for it!)

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=2e3d0e20d845


Future Fix
● I found also one case which was a real issue, so something did not work and users 

were affected, however DT schema did not report it as DTS warning
● But future DT schema could report it (wait for it!)

thermal-zones {
cpu0_thermal: cpu0-thermal {

- thermal-sensors = <&tmu_cpu0 0>;
+ thermal-sensors = <&tmu_cpu0>;

trips {
cpu0_alert0: cpu-alert-0 {

temperature = <70000>; /* millicelsius */

https://git.kernel.org/pub/scm/linux/kernel/git/next/linux-next.git/commit/?id=2e3d0e20d845


Results! Tadaa!



Results

Platform Total DTS commits Commits as a result of 
DT schema validation

%

ARM Exynos
v5.3 .. v6.8 370

ARM64 Exynos
v5.3 .. v6.8 139

ARM Qualcomm
v5.18 .. v6.8 476

ARM64 Qualcomm
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v5.3 .. v6.8 139 46 33%

ARM Qualcomm
v5.18 .. v6.8 476 142 30%

ARM64 Qualcomm
v5.18 .. v6.8 2512 545 22%
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Conclusion
● ~40%-50% of the DTS issues pointed out by DT schema is style related

○ Necessary work to lower the warning-to-noise ratio
● ~30% are some sort of code improvements
● ~10% are fixes for possible issues
● ~10% are fixes for real bugs and real issues

○ I think this is awesome!
○ You have a tool which points real bugs, plus as a bonus improves readability of DTS code 

● It is possible to get a platform to warning-free state
○ Just find a dedicated person…
○ … and a platform with only small growth

● Unfortunately, on some platforms, new moles are coming as fast as I can whack 
them



Linaro is the software engine of the Arm Ecosystem
Linaro empowers rapid product deployment within the dynamic Arm Ecosystem.

Our cutting-edge solutions, services and 

collaborative platforms facilitate the swift 

development, testing, and delivery of Arm-based 

innovations, enabling businesses to stay ahead in 

today’s competitive technology landscape.

Our expertise and contributions spread from 

Testing & LTS, Security, Cloud & Edge Computing, 

IoT, AI, CI/CD, Toolchain and Virtualization to 

vertical projects like Windows on Arm and Android 

Ecosystem enabling and maintenance.

Linaro fosters and environment of collaboration, 

standardization and optimization among 

businesses and open source ecosystems to 

accelerate the deployment of Arm-based products 

and technologies along with representing a pivotal 

role in open source discovery and adoption.

Linaro has enabled trust, quality and 
collaboration since 2010



Thank you
Visit www.linaro.org
Krzysztof Kozlowski
@krzk@social.kernel.org

http://www.linaro.org/
https://social.kernel.org/krzk

